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Abstract
Cylindrical roller bearings are commonly used in aircraft power transmission, machine tools, steel industries and others due to 
their precision and high load carrying capacity. In present study, an experimental test rig has been developed to investigate the 
wear in roller bearing. The changes in micro-geometry of the bearing components have been observed through scanning electron 
microscope. Some major cracks have been found over the inner race surface. Solid debris particles, removed from the inner race 
surface, further damage the other bearing surfaces. The lubricating grease has been also failed to provide elastohydrodynamic
lubrication between the inner race and rollers. Fourier transform infrared spectroscopy has been applied to examine the 
degradation of the lubricating grease. Influence of temperature, misalignments and roughness on the specific lubricant film 
thickness is discussed. Results show an impact of these parameters on roughness of bearing components.
© 2014 The Authors. Published by Elsevier Ltd.
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1. Introduction
Cylindrical roller bearings have high radial load carrying capacity and suitable for precise and high speed 
operations. Lubricating mechanism, loading mechanism and environmental conditions are the most dominant factors 
which affect the normal operating life of the bearings. 
Nomenclature
Ȝ specific lubricant film thickness 
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hmin minimum lubricant film thickness
Ra inner race surface roughness
Rb roller surface roughness
All these factors promote the wear in bearings. Friction and wear are two major responsible factors for a tribo-
system. Most of the wear takes place during running-in period. The wear particles remove in this phase remains in 
the lubrication system and accelerates the wear. These wear particles initiates the local plastic deformation of the 
operating surfaces [1, 2-4]. Generally, grease is preferred for lubrication of bearings, which provide protection 
against dust, corrosion and friction, ease of use and stability under hard operating conditions [5-8], but it has poor 
mechanical stability and limited life [9]. Grease service life reduced significantly for the environmental temperature 
over 60-70 ºC. For increase in temperature by 10-15 ºC, service life becomes half [7]. Further increase in 
temperature beyond 120 ºC grease is oxidized [8].  Farcas and Gafitanu [7] carried out an experimental work to 
study the behavior of two different greases in context with the wear of bearing. They analyzed the microstructure of 
greases and find that the lubricant film thickness decreases with the deterioration in grease fibroid structure.
Many studies on the wear of roller bearing have been reported in the literature [10-13]. Savaskan [12] has 
conducted an experimental study on the wear of roller bearing and mentioned that most of the wear in the bearing 
takes place due to the misalignment between the shaft and the bearing.
Serrato et al. [13] performed the experimental studies and traced the wear response of roller bearing along with its 
vibration response. They highlighted how wear rate increases with increase in bearing temperature and reduction in 
lubricant film thickness. Raadnui and Kleesuwan [14] monitor the electrical pitting process between the lubricating 
grease and bearing races. They find that the voltage difference between the bearing housing and shaft were reasons 
for sparking and melting of bearing surfaces. 
This paper presents an experimental study of a cylindrical roller bearing. A test rig has been developed to conduct
the experiments. Some unwanted noise has been observed before the end of fourth test run. After 400 hours of 
operation, bearing was worn out substantially and was unfit for further operation. To investigate bearing failure,
microstructures of the inner race, outer race and rollers have been examined by scanning electron microscope 
(SEM). Change in specific lubricant film thickness is also analyzed. Fourier transform infrared (FTIR) spectroscopy 
has been conducted to examine the grease degradation.
2. Experimental setup and procedure
Experimental tests are carried in this study on a test rig in which bearing is loaded with 1000 N through an 
arrangement as shown in Fig. 1. Detailed specifications of the test bearing used in this study are listed in Table 1.
Lithium based lubricating grease, of SAE 40 grade, having molybdenum particles is used for the lubrication purpose 
of the bearing. The shaft is rotated by a belt pulley arrangement through a drive system which consists of a three 
phase induction motor of 5 HP. The speed of the motor is kept constant at 10 Hz. Rollers and regions of inner race 
to be examined are identified and marked.
3. Results and discussions
Study is carried out for 400 hours of test run. For initial 300 hours no significant irregularity has been observed. 
When the test bearing is mounted over the test rig after 300 hours, after the time of 380 hours of test runs some 
unwanted noise has been noticed from the test bearing. This noise has been observed up to the end of 400 hours. 
During this period, many times, the temperature has been measured more than 60ºC and the maximum temperature 
is recorded as 64ºC. When the bearing is dismantled after 400 hours, some misalignments have been found between 
the bearing and the shaft. This misalignment is the main reason of producing unwanted noise; moreover there is no 
starvation of lubricant in the bearing.
Inner race and rollers are heavily worn out during the experiment. Hardness of each bearing component is 
measured after fourth test run as shown in Table 2. Severe worn out is only due to the fatigue failure of bearing 
components since all the components reside in specified hardness values after experiment as indicated in Table 2.
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Table 1. Specifications of bearing used for experiment
S. No. Parameter Value
1 Bearing number NJ 207
2 Category Cylindrical roller
3 Inner race diameter (mm) 35
4 Outer race diameter (mm) 72
5 Width (mm) 17
6 Bearing material AISI 52100 steel
Fig. 1. Schematic diagram of experimental setup of cylindrical roller bearing
Table 2. Hardness of bearing components
S. No. Component Specification Measured hardness (HRC)
1 Tested inner race 60-67 HRC 64.6
2 Tested outer race 60-67 HRC 63
3 Tested rollers 60-67 HRC 62.4
3.1. FTIR analysis
A Perkin-Elmer Fourier Transform Infrared (FTIR) Analyzer has been used to record the transmittance spectrum 
of fresh and used grease. Both of the samples have been scanned in the form of thin oil film, in the spectral range of 
4000-450 cm-1.
The lubricating grease has 12-hydroxystearic acid as main constitute. The illustration of the transmittance spectra 
of both samples is shown in Fig. 2. Various peaks of 2900, 1580, 1460, 1380, 1080 and 720 have been observed in 
Fig. 2(a). The spectral region 3333-3327 cm-1 represents the existence of normal polymeric  OH stretch. Methyl 
C H asymmetric stretching and bending have been found in the spectral range of 3000-2850 cm-1, specifically at 
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2953 cm-1, 2923 cm-1 and 2852 cm-1. It indicates the presence of simple alkanes in the lubricating grease. To analyze 
degradation of grease during operation, grease has been sampled from the cage pockets. The carbonyl stretching 
vibration peak of C=O has been noticed in Fig. 2(b), in the infrared spectrum at 1725 cm-1 of used grease. In this 
region, the bonding between the carbon and oxygen absorbs the infrared energy. It would be due to thermo-
oxidation of base oil and thickener in the grease, similar observations are made by [15] in their study.
3.2. SEM Analysis
3.2.1. Inner Race
Around 45% surface of the inner race is heavily wear-out and the remaining 55% surface has very less 
irregularities. Inner race is further examined to understand surface topography using SEM. The material has been
removed from the surface due to flanking and has the very irregular sides perpendicular to the contact surface.
Except the flanking and minor cracks, some major cracks are also perceived over the surface of inner race, as shown
in Fig. 3(a). Fig. 3(b) shows the further magnification of a part of inner race, which indicates the presence of some
inclusions in the flanked region. These inclusions also appear at the corner of crack as shown in Fig. 3(a). Previous 
studies [12, 15-16] show that these inclusions are iron and chromium particles which are removed during operation
and adhere to the surface. By examining the remaining part of the inner race (55%), it is found that many heavy 
scratches, minor cracks and large pits are observed over the surface as shown in Fig. 4.
Due to the mixing of wear-out particles with the lubricating grease, grease structure is changed. The contact 
asperities between the operating surfaces are too high so that the grease is not capable to form effective lubricant 
film between the two counter faces.
3.2.2. Roller
Rollers are also found very heavily abraded at the end of the fourth test run. Fig. 5(a) shows the micrograph of 
the roller in which some white shiny metallic particles are distributed over the roller surface. These white shiny 
crowns show presence of chromium particles (wear debris) [12, 16], which are removed from the inner race and 
affixed with the roller surface.
Fig. 5(a) also shows the scratch marks on roller surface which are due to the metal to metal contact of the roller 
with the abraded inner race surface. A deep scratch over the roller surface is shown in Fig. 5(b). This is due to the 
fact that wear debris from the lubricant embedded in the roller surface and plough it away. The material is removed 
from the scratch is coupled with the roller surface. Some fatigue marks are also present at the roller surface.
3.3. Specific Lubricant Film Thickness (Ȝ)
A significant increase in grease temperature is observed during each test run. Atmospheric temperature variation 
is one of the major factors for increase in grease temperature. An increase in atmospheric temperature increases the 
grease degradation, due to which grease cannot maintain longer the minimum lubricant film thickness between the 
inner race and roller.
Fig. 6 indicates the variation in specific lubricant film thickness (Ȝ) for each rest runs over the period of time. 
Specific lubricant film thickness (Ȝ) is calculated from Dowson equation as [13]:
22
min
ba RR
h

 O (1)
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Fig. 2. FTIR results of (a) fresh grease and (b) used grease
(a)                                                                                                     (b)
Fig. 3. Wear-out inner race micrograph (a) at 4270 X, (b) at 6000 X
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Fig. 4. Inner race micrograph at 4540 X
         
Fig. 5. Roller micrographs at (a) 5000 X, (b) 400 X
As shown in Fig. 6(a), for 0-100 hours and 101-200 hours, Ȝ > 3, this represents hydrodynamic lubricant regime.
For 201-300 hours, 1  Ȝ 3, Fig. 6(b) indicates a mixed lubrication regime. The lubricant film thickness is slightly
greater than the surface roughness, so that there are very little asperities contacts, but the surfaces are still closer
enough together to affect each other. Any further fall in lubricant film thickness is responsible for bearing failure. 
For 301-400 hours test run, Fig. 6(b), Ȝ < 1, which indicates that surface asperities are in contact with each other. In 
other words, the inner race and roller surfaces deteriorate rapidly due to direct metal to metal contact. Table 3 shows 
the measured roughness of inner race, rollers and outer race at different time periods, which are considered to 
calculate Ȝ.
Table 3. Roughness of bearing components
S. No. Time (Hours)
Inner race roughness 
5TȝP
Roller roughness 
5TȝP
Outer race roughness 
5TȝP
1 00 0.091 0.086 0.071
2 100 0.145 0.129 -
3 200 0.215 0.396 -
4 300 0.307 0.732 -
5 400 0.801 1.927 0.213
Wear debris
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(a)                                                                                                    (b)
Fig. 6. Specific lubricant film thickness (a) for 00-100 and 101-200 hours, (b) for 201-300 and 301-400 hours
4. Conclusions
In present study cylindrical roller bearing has been tested in order to investigate its tribological properties. From 
this experimental study following conclusions have been made:
• Initially, wear rates are very small and constant over a period of time. Wear rate accelerates when direct metal 
to metal contact takes place due to some misalignments during fourth test run. 
• Wear particles removed from the inner race are entered in between operating surfaces and results in 
deterioration of contact surfaces. This wear is further responsible for fatigue failure of the bearing. Due to increase 
in wear, lubricant film is not capable to form a hydrodynamic film between roller and inner race, and wear particles 
propagate the wear process.
• Detailed microscopic examination through scanning electron microscope of the inner race and rollers have 
revealed the presence of pits, cracks at the contact surface and wear debris due to surface contact fatigue.
• Atmospheric conditions influence the wear process a lot. An increase in bearing temperature reduces the 
lubricant film thickness. The lubricant film between the roller and inner race could not be effectively formed due to 
increase in bearing temperature, which results in direct contact between two metal surfaces and thus wear takes 
place.
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